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Pharmacogenetics-Pharmacogenomics

The study of the role of 
inheritance in individual 
variation in drug response 
phenotypes.
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Clinical Goals
• Avoid adverse drug reactions

• Maximize drug efficacy

• Select responsive patients
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Scientific Goals
• Link variation in genotype to variation 

in phenotype
• Determine mechanisms responsible for 

that link
• Translate the link into enhanced 

understanding, treatment and 
prevention of disease



Drug Response Predictors
DNA

mRNA

Protein

Metabolite

Clinical Response

Genomics

Transcriptomics

Proteomics

Metabolomics

Clinical Response

Pharmacogenetics-Pharmacogenomics



Complementary Approaches

Basic Translational

Phenotype                          Genotype

Pharmacokinetic               Pharmacodynamic

Pathway-based Genome-wide

Pharmacogenetics-Pharmacogenomics





Pharmacogenomics

• Introduction

• Pharmacogenomic science

• Pharmacogenomic translation

• Conclusions



FDA Hearings
Pharmacogenetics and Drug Labeling

• Thiopurines – TPMT
• Irinotecan – UGT1A1
• Warfarin – CYP2C9 and VKORC1
• Tamoxifen – CYP2D6
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2003 FDA
“Draft Pharmacogenomic 

Guidance”
Valid Biomarkers

• Thiopurine S-methyltransferase 
(TPMT)

• Cytochrome P450 2D6 (CYP2D6)



TPMT
Pharmacogenomics 

Basic Pharmacogenomics
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TPMT
Genetic Polymorphism
Clinical Consequences

• Low TPMT
– Increased thiopurine toxicity
– Increased risk for secondary neoplasm

• High TPMT
– Decreased therapeutic effect



Selected Human TPMT Alleles
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Human TPMT Protein
RRL Degradation
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Recombinant Human TPMT Allozyme
Activity and Protein Levels

Enzyme Activity, % of WT
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G460A (Ala154 Thr) and A719G 
(Tyr240Cys) might result in 

TPMT misfolding and 
aggregation

Hypothesis



Aggresome Formation
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Chaperones/cochaperones
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TPMT Allozymes in Yeast
TPMT WT-GFP TPMT *3A-GFP  



Yeast Flow Cytometry



Yeast TPMT Cell Sorting
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Sorting Results
• Thirty-one genes identified
• Ubiquitin mediated degradation pathway 

(E2, E3, proteasome)
• Chaperones (Hsp70)
• Microtubules (tubulin, dynein regulation, 

spindle pole body)
• Vesicle processes (trafficking, autophagy)



Vacuole

Protein Folding, Degradation and Aggregation



Pharmacogenomics
Beyond Monogenic 
Pharmacogenomics

• Pathway-based
• Genome-wide association studies 

(GWA)
• Model systems – yeast, cell lines, 

etc.



Pharmacogenomic
Translational Studies

Evolution

• One gene, one or a few SNPs
• One gene, intragene haplotypes
• PK and PD pathways and haplotypes
• Genome-wide association studies
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• Thiopurines – TPMT
• Irinotecan – UGT1A1
• Warfarin – CYP2C9 and VKORC1
• Tamoxifen – CYP2D6
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Tamoxifen
Pharmacogenetics 

Translational Pharmacogenomics



Jin et al., J. Natl. Cancer Inst. 97:20-39, 2005.

Tamoxifen Biotransformation



Post-Menopausal Breast Cancer
Prospective Tamoxifen Trial

CYP2D6 Genotype and Outcomes

From Goetz M, Rae JM et al: J Clin Oncol 23:9312-9318, 2005.



Relapse – Free Survival, % Disease – Free Survival

Tamoxifen Pharmacogenomics

Goetz et al., Breast Cancer Res. Treat. 101:113-121, 2007.

Breast Cancer (190 Patients)



Jin et al., J. Natl. Cancer Inst. 97:20-39, 2005.

Tamoxifen Biotransformation



Phenol Sulfation

HO R

PAPS PAP

RHO3SO

SULT Pharmacogenomics
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SULT1A1 Pyrosequencing Results
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SULT1A1 Copy Number Assay
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SULT1A1 Copy Number Assay
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SULT1A1 Deletion Mapping
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SULT1A1 Activity vs Copy Number
Platelet Samples n=23
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Pharmacogenomic Clinical Translation
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Discovery Science
and

Hypothesis-Based Science
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